Abstract -The base catalysed reaction of carbon disulphide with the active methylene groups of chloropyridines 4 and 7, followed by alkylation with reagents which also contain active methylene groups, lead to ketene dithioacetals. Further reaction with base afforded highly substituted thiophenes.
INTRODUCTION

Our work
1-3 on the synthesis of thienopyridines required us to prepare a series of α-halogenated pyridines containing a methylene moiety activated by an electron withdrawing group. We earlier reported 1,2 that reaction of pyridine 3-acetonitrile N-oxide 1 with refluxing POCl 3 , using the method reported by Okuda and Robison 4 gave the desired chloropyridines 3 and 5 with 4 as a byproduct. Similarly 2 we obtained 6, 7 and 8 from ethyl 3-pyridylacetate N-oxide 2 (Equation 1). The ratio 1, 2 of isomers differs for each substituent at the 3-position ( Table 1) . It is well known 5-12 that polyfunctional ketene dithioacetals are available from reaction of carbon disulphide with functionalized carbionic species followed by alkylation of the heteroanions including cyano(3-pyridyl)ketene dimethyldithioacetal 11 from 3-cyanomethylpyridine.
Furthermore, it has also been reported 5-10 that treatment of appropriately functionalized ketene dithioacetals with base allows entry into a range of highly substituted heterocycles. In this work, haloalkanes with electron withdrawing groups on the same carbon as the halogen were employed as alkylating agents in the base catalysed nucleophilic addition reaction of 4 and 7 with carbon disulphide.
This gave ketene dithioacetals with the required functionality for cyclisation to form thiophenes. to the ester directly attached to the thiophene ring, having a similar absorption wavenumber as an anthranilate ester. There will be some hydrogen bonding between the ester carbonyl and the amino hydrogens and this phenomenon is known 13 to move the absorbance to a lower wavenumber. It is thought that the mechanism for the formation of 9 proceeds by base catalysed abstraction of the methylene protons of 4 and subsequent formation, with carbon disulphide, of a ketene dithioacetal dianion. These anions are then alkylated with ethyl chloroacetate. The thiophene 10 is subsequently formed by a Thorpe 14 type cyclisation of the active methylene adjacent to the sulphur onto the nitrile. Ketene ditioacetal 11 was similarly prepared from 4 (54%) using chloroacetonitrile as the alkylating agent and 11 was readily cyclised to the corresponding thiophene 12 (51%) with sodium ethoxide again probably via a Thorpe type reaction.
This methodology was extended to ethyl 2-chloro-5-pyridylacetate 7, to produce ketene dithioacetal 13.
The infrared spectrum showed a carbonyl stretching absorbance in the expected region for aliphatic esters 2-Chloro-5-cyanomethylpyridine 4 (2.0 g, 13.1 mmol) and carbon disulphide (1.1 g, 14.4 mmol) were dissolved in DMSO (40 mL) in a 2-neck round bottom flask fitted with a gas inlet tube under dry nitrogen and sodium hydride (0.66 g, 27.5 mmol) was added in portions with constant stirring and the mixture was stirred for 2 hours. Ethyl chloroacetate (3.38 g, 27.5 mmol) was added and stirring continued for another hour, then poured onto ice (100 g) and extracted with EtOAc (3 x 50 mL). The extracts were combined, dried with magnesium sulphate, filtered and the solvent evaporated to give a pale yellow oil (4.46 g) which was chromatographed on silica gel using petroleum ether / EtOAc to give 9 as a colourless oil (58% 4 Hz, H-6).
2-Chloro-5-(1-cyano-2,2-di(cyanomethylthio)-1-vinyl)pyridine (11).
Off white crystals (61%, EtOAc 4 Hz, H-6).
2-Chloro-5-(1-ethyloxycarbonyl-2,2-di(ethyloxycarbonylmethylthio)-1-vinyl)pyridine (13)
Colourless oil (43%); bp (0. 4 Hz, H-6). Ketene dithioacetal 9 (0.5 g, 1.1 mmol) was dissolved in EtOH (20 mL) in a 50 mL round bottom flask and sodium ethoxide (0.16 g, 2.4 mmol) added. The mixture was stirred at room temperature for 24 hours.
2-Chloro-5-(1-ethyloxycarbonyl-2,2-di(cyanomethylthio)-1-vinyl)pyridine (15).
Pale yellow needles (57%, EtOH
The solvent was removed in vacuo, the residue flooded with water and extracted with EtOAc (3 x 25 mL).
The combined extracts were dried with magnesium sulphate, filtered and the solvent removed to give thiophene 10 (55%) after recrystallisation from EtOAc. 
2-Chloro-5-(2-cyano-5-cyanomethylthio-3-hydroxythienyl)pyridine (16)
Pale yellow prisms (46%, EtOAc 
